Microsatellite markers were developed for Samadera bidwillii, a nationally listed vulnerable shrub or small tree, to enable investigation of its genetic structure and diversity within and among populations from its known distribution throughout coastal areas mainly in fragmented and disturbed lands from Mackay to Gympie, Queensland, Australia. The loci were tested for cross-amplification in related Samadera species. Ten polymorphic microsatellite markers were isolated and characterised from an enriched library of S. bidwillii, which exhibited di-and trinucleotide repeats. The mean number of alleles per locus ranged from 1.3 to 2.5 and mean expected and observed heterozygosities ranged from 0.06 to 0.33 and from 0.03 to 0.26, respectively in five populations. All loci successfully amplified in six other closely associated Samadera species also reported from Australia. Developed loci can be used in genetic diversity, population structure and gene flow studies with an emphasis on the conservation of S. bidwillii and related species.
weed invasion, grazing and land clearing. These factors might have contributed to the reduction of genetic diversity level within populations leading towards potential risk of becoming endangered species. Information on partitions of genetic variation within and among populations is a pioneer for its conservation.
To support the development of a conservation plan, understanding of the genetic variation in the species, its structure and gene flow patterns at the population level is vital. This genetic variation can be determined by differences in the number of small repeated DNA segment copies called microsatellites. Microsatellites are codominant, highly polymorphic and hyper-variable, robust and highly informative tools to assess inter-population comparisons. Earlier, microsatellite markers were developed in Australian threatened species [4] [5] and other Simaroubaceae genera [6] [7] [8] but not for the Samadera genus. The aim is to develop new microsatellite markers, which can be useful to find genetic variation at the population level in S. bidwillii but are also helpful in cross-amplification in other Samadera species that are also threatened.
Materials and Methods
Total genomic DNA was extracted using DNeasy Plant Mini-kit (Qiagen, Germany) from silica gel dried leaves of reference sample collected from an adult shrub sampled in a natural population located in the narrow strip of road reserve in Nikenbah, Queensland. To check the patterns of genetic variation, DNA was extracted from leaves of 30 adults each collected from five substantial populations of S. bidwillii (Figure 1 ). For cross amplification check, DNA was extracted from herbarium specimens except for Samadera sp. St Mary samples, which were collected from a natural stand found within St Mary State Forest (Figure 1 ).
The reference DNA elute sequenced at the Australian Genome Research Facility (AGRF, Brisbane), using GS-FLX Titanium KLR70 chemistry (454 Roche Applied Science, Germany) to build an enriched library. The sequences were trimmed to suitable length and filtered for redundancy and multiple copies in the sequence dataset using CLC Genomics Workbench 6.0 software (CLC Bio, Denmark). Microsatellites having a minimum of five repeats for di-nucleotides to hexanucleotides were identified using QDD v2.1 pipeline [9] . The possible primer combinations were viewed in an MS Excel (Microsoft Corp., Seattle) output file.
Unlabelled forward and reverse primer pairs for at least 60 microsatellite loci were targeted for design with suitable flanking regions using Primer 3 web 4.0.0 [10] [11] . Selection criteria such as product size within 100 to 400 bp, optimal primer size 20 bp, melting temperature 59˚C, GC content 50%, and zero GC clamp were left default. Primer lengths less than 18 bp and more than 23 bp were eliminated from selections. Optimisation of PCR conditions on a Mastercycler ® gradient thermocycler (Eppendorf, Germany) was performed for each locus using four randomly selected genomic DNA samples of S. bidwillii. The reaction 
Results and Discussion
DNA extracted from leaf samples of S. bidwillii using the DNeasy ® Plant Mini-kit resulted in a right quantity of DNA. Australian herbarium specimens assigned to S. bidwillii were reported to contain alkaloids and tannins, and these chemicals are known to interfere with DNA extraction in woody plants [15] . Thus, fast, reliable and high-quality DNA extraction methods are needed for S. bidwillii leaves. The DNeasy ® Plant Mini-kit provided high-throughput isolation of high-quality DNA by removing impurities such as proteins, polysaccharides and enzyme inhibitors from S. bidwillii leaf samples [16] .
The genomic DNA enriched library resulted in 508 sequences with a read length ranging from 150 to 529 (mean 372) nucleotides and 7488 possible primer combinations matching with quality criteria implemented in QDD pipeline.
Next-generation sequencing was adopted as it is able to provide large volumes of data within a short time, making it superior to other technologies such as Sanger sequencing [17] . The result was an integration of microsatellite detection and a redundancy check performed to avoid amplification of multiple PCR products [18] . A total of 516 SSR regions were identified, having 364 di-, 133 tri-, 11 tetraand 8 hexanucleotide repeats (with a minimum of five subunits for all repeats).
According to Reference [19] , there is no strict definition of the number of repeats required and even small repeats number could detect polymorphisms [20] .
According to Reference [21] , SSR-flanking regions also display microsatellite polymorphism, therefore right size DNA sequence with clear flanking regions from any repeated bases also equally crucial in selecting primers [20] . DNA sequences without microsatellite markers were discarded from this process.
Of the carefully designed 60 microsatellite loci, 57 were found simple repeats and three were compound repeats. All loci ranged from 5 -12 subunits with a product size from 102 to 332 bp. Subsets of potentially polymorphic primers for each locus obtained from four randomly selected genomic DNA samples.
Based on the variations recorded within 16 random DNA samples of S. bidwillii, 18 loci were selected for further testing ( Table 1) . The other 42 loci were discarded with no amplification or polymorphism was detected by gel electrophoresis after sequencing. Thus, the efficiency of simple sequence repeats development from the DNA sequencing data was 3.5% obtaining potential loci.
Among the 18 loci, 10 carried a di-nucleotide motif and 8 carried a tri-nucleotide motif.
The 18 microsatellite loci were further tested using 150 S. bidwillii samples collected from five populations (each containing 30 samples). Of 18 microsatellite loci, a total of eight loci were detected with null alleles, or with inconsistent scorable bands. According to Reference [22] , null alleles can cause deviation from HWE, causing substantial bias in the population genetic analysis. Hence, the eight microsatellite loci were discarded from further testing ( Table 1) .
Ten polymorphic microsatellite loci consisting of a total of 28 scorable alleles with firm and precise peaks were scored for the five population samples. In all loci, the number of alleles per locus was found to range from one to four, with the highest in locus SB37 ( Table 2 ). The average mean number of alleles per locus (A) ranged from 1.3 to 2.5. H O varied from 0 to 0.53 and H E from 0 to 0.65, which was found to be comparatively higher than H O across all loci. Based on the locus-wise observed and expected heterozygosity (H E ), SB37 has the maximum heterozygosity (0.53 and 0.65, respectively). Similar results have been recorded for S. amara (Simaroubaceae) [23] and Davidsonia jerseyana (an Australian endangered tree species) [24] . The deficiency of heterozygotes could be due to self-incompatibility or clonality in S. bidwillii observed during periodic field visits. There were a total of 69 unique genotypes recorded in multilocus matches analysis, ranged from one (C1) to 30 (H1). This variation may be due to phenotypic plasticity or mutation in S. bidwillii populations, where considerable differences in plant height, stem diameter leaf size and flower colour have been observed during field trips to collect leaves for this study.
A contingency Chi-squared test was performed for each locus to determine whether each population site deviated significantly from expectations under HWE in GenAlEx 6.5. The results revealed significant departures for the loci SB34 and SB40 (p < 0.05) ( Table 2) . Furthermore, six other Samadera species from Australia were also tested with 10 loci (Table 3) .
Satisfactory amplifications were achieved except for Samadera sp. from the Moonee Creek samples (which were found difficult to score for locus SB40). The number of alleles ranged from one to five, indicating that this set of loci could be used in population genetic studies involving species interrelation and delineation for associated Samadera species. Earlier studies proved successful as cross-species amplification of microsatellite markers among closely related taxa [25] 
Conclusion
Ten polymorphic microsatellite markers for the vulnerable species S. bidwillii were developed and characterised for the first time on record. The efficiency of simple sequence repeats development was found to be 3.5% of the total DNA sequencing data from the developed genomic library to obtain potential loci.
The 454 sequencing approach offered a fast and straightforward alternative to traditional methods for microsatellite isolation in genetically unknown and narrowly distributed threatened species. The method has proved appropriate for the ten reported markers suitable for S. bidwillii population genetics study. Primer sequences of ten loci are available with their estimates of expected heterozygosity. The average number of alleles per locus ranged from 1.3 to 2.5 and expected heterozygosity varied from 0 to 0.65. The microsatellite markers that were developed are useful tools for measuring genetic variation, estimation of gene flow and characterisation of the spatial population genetic structure of S. bidwillii.
Furthermore, these markers are also useful for devising reliable collection and conservation procedures for S. bidwillii and related species of the genus Samadera.
